






























































































































































zf ; zr ??????????
zuf ; zur ??????????????





h ???? C???? CG?????
l ???? C????? P?????
muf ;mur ????????
kf ; kr ????????????
cf ; cr ????????
kuf ; kur ????????
















mÄzcg(t) = ¡cf ( _zf (t)¡ _zuf (t))¡ cr( _zr(t)¡ _zur(t))
¡ kf (zf (t)¡ zuf (t))¡ kr(zr(t)¡ zur(t)) + uf + ur
icÄµ(t) = (a¡ h)(¡cf ( _zf (t)¡ _zuf (t))¡ kf (zf (t)¡ zuf (t)) + uf )
¡ (a+ h)(¡cr( _zr(t)¡ _zur(t))¡ kr(zr(t)¡ zur(t)) + ur)
9>>>>=>>>>; (2.1.1)
muf Äzuf (t) = cf ( _zf (t)¡ _zuf (t)) + kf (zf (t)¡ zuf (t))¡ uf ¡ kuf (zuf (t)¡ wf (t))















m 781 kg ic 990 kgm2
h 0.04 m a 1.38 m
kf 27160 N=m kr 29420 N=m
cf 4000 Ns=m cr 2500 Ns=m
muf 69 kg mur 96 kg
kuf 229000 N=m kur 255000 N=m
2.3 ????????????????
??????????On?In ? n£n?????????n£n???????????
? (2.1.1)?? (2.1.2)??????????????d(t) = [Äzc; Äµ]T ?????????????
?????????
Äxz(t) = d(t)¡H¡1 Äw(t)
Äxu(t) =¡Kuxu(t)¡M¡1u f(t)¡ Äw(t)
xz(t) = H¡1[zf (t)¡ wf (t); zr(t)¡ wr(t)]T
xu(t) = [zuf (t)¡ wf (t); zur(t)¡ wr(t)]T
d(t) =M¡1HTf(t)
f(t) = [ff (t); fr(t)]T




xs(t) = Hxz(t)¡ xu(t)
w(t) = [wf (t); wr(t)]T
u(t) = [uf (t); ur(t)]T
M = (TTh )
¡1diag[m; ic]T¡1h
Mu = diag[muf ;mur];K = diag[kf ; kr]













??????????????????????????????????????d(t) = [Äzc; Äµ]T
????????????? x(t) = [xTz (t);xTu (t); _xTz (t); _xTu (t);d
T (t)]T ???????????
??????????????????????????????????
_x(t) = Ax(t) +Bux(t)¡Dw Äw(t)
A = ¡ +BF
ux(t) = _u(t) + u(t)








Dw = [O2; O2; (H¡1)T ; I2; O2]T





O2 O2 I2 O2 O2
O2 O2 O2 I2 O2
O2 O2 O2 O2 I2
O2 ¡Ku O2 O2 ¡DM
O2 O2 O2 O2 O2
37777775
F = [¡KH;¡CKu +K;¡(C +K)H;C +K;F5]






??????????? l = lp??????????????????????????????
????????????????????????????????????????????
?????
A1 ????? Äzf (t), Äzr(t), Äzuf (t)?????Äzur(t)????????
A2 ??????? ff (t); fr(t)????????
8
A3 ????????? xsf (t); xsr(t)????????
A4 ????????????? a????????? kuf ; kur ??????muf ;mur ???
????????????????
A5 ??????????x(0) = 0????












? 3-1-1???? [23]¡[27] ???????????????????????????????
????? Äw(t)?????????????????? (Combined Ideal Model)???????
???????????????????????????????????????????
??????????????????? x(t)????????????? xm(t)??????
ex(t) = x(t)¡ xm(t)?????????????????????????
????????????????????????????????????? Äw(t)???
?? xz(t), _xz(t), xu(t), _xu(t), d(t)???????
3.2 ??????????????
?????????? xz(t), _xz(t), xu(t), _xu(t), d(t) ???????? Äw(t) ??????
???????????? A1?3 ?? xs(t) = [xsf (t); xsr(t)], f(t) = [ff (t); fr(t)], Äz(t) =





????????? Äz(t)?????????????????? A4??????? xu(t)
xu(t) = K¡1u
µ

















Hxz(t) = xs(t) + xu(t) (3.2.2)
?????????
?????????????????????????????????? xz(t), _xz(t), xu(t),
_xu(t), d(t)? Äw(t)???xz(t), xu(t), d(t)?????????????????????????
??????????????? [28]¡[34]?????? _xz(t)? _xu(t)? Äw(t)??????????
??? 4?? 4???????? _xz(t)? _xu(t)???????????????????????
????????????????????????? Äw(t)??????
3.3 ????????????
??????? Äw(t)???????????????????? ´(t)? ´(t) = [(Hxzv(t))T ;
¡®¡1wa(t)T ]T ??????????xzv(t) = _xz(t)?wa(t) = Äw(t)????®????????
?????????????????????????? ´(t)??
_´ (t) = ®C´BT´ ´(t) + C´Hd(t)¡ ®¡1B´ _wa(t)


























b´(t) = (3®C´ + 2®B´)Hxz(t) + ³(t)
_³(t) = ®A´ b´(t) + C´Hd(t)








?? A5???´(0) = [0 0]T ??????? b´(t)????? b´(0) = [0 0]T ????????
? (3.3.2)??????????????????????????
_b´(t) = (3®C´ + 2®B´)CT´ e´(t) + ®C´BT´ b´(t) + C´Hd(t);e´(t) = [(Hexzv(t))T ;¡®¡1 ewa(t)T ]T = ´(t)¡ b´(t)
)
(3.3.3)
????? e´(t) = ´(t)¡ b´(t)???????? (3.3.1)?? (3.3.3)?????????????
??????



























kewa(t)k2 · ®¡2½w (3.3.5)
????½w ???????? ®??????????????????
?? 1???: ? (3.3.4)???











?????????????? V (t) = e´(t)TP e´(t)????????????
_V (t) = ¡2®e´(t)TA´ e´(t)¡ 2®¡1 e´(t)TPB´ _wa(t) (3.3.7)
P ?? (3.3.8)??????????????????????
A´








¡2®¡1 e´(t)TPB´ _wa(t) · ®e´(t)e´(t)T + ®¡3kPB´k2k _wa(t)k2 (3.3.9)
???????????????
_V (t) · ¡®e´(t)e´(t)T + ®¡3kPB´k2k _wa(t)k2 (3.3.10)




e´(t)TP e´(t) · e´(t)T e´(t) (3.3.11)
???
_V (t) · ¡® 1
¸max[P ]
V (t) + ®¡3 ½a (3.3.12)
????? (3.3.12)???
V (t) · e¡® 1¸max[P ] tV (0) + ®¡4¸max[P ] ½a (3.3.13)
?????????? A5???????????????? V (0) = 0???????
V (t) · ®¡4¸max[P ] ½a (3.3.14)
???????
¸min[P ]e´(t)T e´(t) · e´(t)TP e´(t) = V (t) (3.3.15)
???????














R1-3 ??????????????????? 1?? (3.3.5)??????????????
????????????????????????
3.4 ??????
???????????????????????????????? 1?? 2?? 3?????
??????????????????????????? v = 100£1000=3600[m=s]??????
??????????????????wf (t) = wr(t¡L); L = 2a=v?? (3.4.1)?(3.4.3)????






(1¡ cos !t); 2¼
!
> t ¸ 0
0 ; t ¸ 2¼
!
(3.4.1)
wf (t) = L¡1
·
w2n
s2 + 2wn +w2n
L[ws(t)]
¸
; wn = 100 (3.4.2)
`a = ¡1:50£ 10¡2; ! = 2¼ (1 [Hz])
`a = ¡1:52£ 10¡2; ! = 6¼ (3 [Hz])
`a = ¡1:60£ 10¡2; ! = 12¼ (6 [Hz])
9>=>; (3.4.3)
? 3-4-2(a)?3-4-4(a)?????????????????????????waf (t)?????
??? 3-4-2(b)?3-4-4(b)???????????????????? ewaf (t)???????





(a)  1 [Hz]
(b)  3 [Hz]





















































































(a)  Response of                 ( 3 [Hz] ) )(tw
a
(b)  Response of         ( 3 [Hz] ) )(~ tw
a





























(a)  Response of                 ( 6 [Hz] ) )(tw
a
(b)  Response of         ( 6 [Hz] ) )(~ tw
a







????????????????????? 4-1(b)???????????????? l = ¡1[m]
?? 4-1(a)???????????????????????????????????????
?????????????1?6[Hz]???????????????????????? 4-1(b)

















































???????2?????????????? ` = `m = 2[m]?` = ¡`m = ¡2[m]??????
??????????????????? I???????? II??????
??????? I?


























????Gi; i = 1; 2???? ` = `m = 2[m]?` = ¡`m = ¡2[m]???????????????
????????????????????????????????????????????
????????????????????????????????????????????
???????????? I?II???????????????? l????????? Äzl(t)?
????????? Äµ(t)??acc(l; t) = (I2+Dl)d(t)????????????????? (I2+Dl)
?????????? ­(y1; y2)???????????? xm1(t); xm2(t)??????????
????????
T (y1; y2) = I2 ¡D(y1 ¡ y2)
­(y1; y2) = diag[T (y1; y2); I2; T (y1; y2); I2; T (y1; y2)]
)
(4.2.3)



















































? 4-2-1 ??????? I???? II.
??????????????????????????????
_xm(t) = ¡xm(t) +B(°1Fm1­¡1(`p; `k)xm1(t) + °2Fm2­¡1(`p;¡`k)xm2(t))
¡Dw Äw(t)¡Dm e¢(t) (4.2.5)














; °2 = ¡`p ¡ `k2`kedm(t) = dm1(t)¡ dm2(t)e¢(t) =M¡1u (HT )¡1 `2p¡`2k2`k MDedm(t)
Fm1=(HT )¡1MT (`p; `k)M
¡1
HT (F¡G1)





Dm = [02; 02; 02; I2; 02]T
9>>>>>>>>>>>>>>>>>>>>>>>>>>=>>>>>>>>>>>>>>>>>>>>>>>>>>;
(4.2.6)
????` k???????????????????????????????????` k = ¡1:3m
????????????? e¢(t)??????? Dedm = [Äµm1(t) ¡ Äµm2(t); 0]T ???????













































? 4-2-2 ??????? I? II??????????????????.
22































qN`m(t) = [ÄzN`m(t); ÄµN (t)]
T ??? ` = `m?????????????? ÄzN`m(t)??????
???? ÄµN (t)???????????xNs(t) = HxNz(t)¡xNu(t)?????????????


















??????? ` = ¡2; 2???????????????????????? 4-2-3????
????? ` = ¡2; 2[m]????????????????????????????????
????????????????????????????????????????????
?????????????? `p = ¡0:5; 0:5[m]?????????????????????






????????? `p = ¡0:5; 0:5[m]??????????????????????????
??????????????????????`p?????????????????????
????????????????????????????????????? `p ?????
??????????? `?????? 4-2-5????? 4-2-5????????????????
??????? `p ??????????????????
?????????? `p?????????????????????????????? 4-2-6
















Ideal vehicle ⅠIdeal vehicle Ⅱ





















-2 -1 0 1 2



































-2 -1 0 1 2
[dB]
[m]
? 4-2-6 ???????? lp ???????????????????????
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???????????????????????????? l = ¡1(lp = ¡0:3)?l = 0(lp = 0:1)?
l = 1(lp = 0:4)[m]????????????????????????????????????
??????????????? v = 100£1000=3600[m=s] = 100[km=h]????????????






????????????? 3[Hz]??????????? l = 0[m]?????????????
????????????????????????????????????????????
????????????????????????????????l = ¡1?l = 1[m]????
????????????????????????????????????????????
??? 6[Hz]??????????? l = 0[m]???????????????????????
????????????????????????????????????????????
??????????????????????l = ¡1?l = 1[m]??????????????
????????????????????????????????????????????
??????????????????????
????????????????????????????? l = 0[m]?????????


















































































(a) 車体の上下加速度 (b) ピッチング角加速度)4.0(1 == lpl 　
(c) 車体の上下加速度 )1.0(0 == lpl 　
(e) 車体の上下加速度 )3.0(1 −=−= lpl 　
)4.0(1 == lpl 　
)1.0(0 == lpl 　
)3.0(1 −=−= lpl 　


















































(a) 車体の上下加速度 (b) ピッチング角加速度
20
)4.0(1 == lpl 　
(c) 車体の上下加速度 )1.0(0 == lpl 　
(e) 車体の上下加速度 )3.0(1 −=−= lpl 　
)4.0(1 == lpl 　
)1.0(0 == lpl 　

















































































(a) 車体の上下加速度 (b) ピッチング角加速度)4.0(1 == lpl 　
(c) 車体の上下加速度 )1.0(0 == lpl 　
(e) 車体の上下加速度 )3.0(1 −=−= lpl 　
)4.0(1 == lpl 　
)1.0(0 == lpl 　
)3.0(1 −=−= lpl 　








_xm(t) = ¡xm(t) +B(°1Fm1­¡1(`p; `k)xm1(t) + °2Fm2­¡1(`p;¡`k)xm2(t))
¡Dw(ewa(t) + Äw(t))¡Dm e¢(t) (4.3.1)













???® ¸ 1000?????? 1%?????????????????????????????
???????-3.6[dB]???? 5.3[Hz]??????????????? 1%? 0.036[dB]???













Combined ideal model 
without observer





















exz(t) = xz(t)¡ xzm(t)exu(t) = xu(t)¡ xum(t)
_exz(t) = _xz(t)¡ _xzm(t)





_ed(t) =M¡1HT (Fx(t) + ux(t))¡ _dm(t)
Äexu(t) = ¡Kuexu(t)¡M¡1u (HT )¡1Med(t) +¢u(t)






»0(t) = exz(t)¡ (MuH)¡1L¡1· ¯(s+ ®u)L[exu(t)]
¸
(4.4.3)
??? ®u ? ¯ ????????????? (4.4.2)?? (4.4.3)???????????????
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L[exz(t)] = L[»0(t)]¡ ¯(MuH)¡1Au(s)¡1M¡1u (HT )¡1ML[¹(t)]
+ ¯(MuH)¡1Au(s)¡1L[¢u(t)]
L[exu(t)] = Au(s)¡1(s+ ®)L[¢u(t)]
¡Au(s)¡1(s+ ®)M¡1u (HT )¡1ML[¹(t)]
L[ed(t)] = L[¹(t)]¡ ¯s2(MuH)¡1Au(s)¡1DML[¹(t)]
+ ¯s2(MuH)¡1Au(s)¡1L[¢u(t)]
¹(t) = Ä»0(t)











HTux(t) + £m!m(t) + £»»(t) +H»x»(t)
¾




f¯(FH1 + sFH3 + s2FH5 ¡ s3M)(MuH)¡1
+ (s+ ®u)(FH2 + sFH4)gAu(s)¡1¢u(s)
i














H»2(s) = (M + FH3)s
H»3(s) = ¡(2s+ 1)(2M + FH5)
H»4(s) = ¡(s2FH1 + s3FH3 + s4FH5)¯(MuH)¡1Au(s)¡1DM
H»5(s) = ¡s2(s+ ®u)(FH2 + FH4s)Au(s)¡1DM
H»6(s) =M(MuH)¡1Au(s)¡1
³
¯s5DM ¡ (s+ 1)2Au(s)(MuH)M¡1DM
´





?????????????????????J» ??(s + 1)2det[Au(s)] = 0?????????
??????
?????????Au(s)?????????????????????? »(t)?????????
???? (4.4.1)??????????¢u(t)???????????????? eKu = Ku ¡Ku?





???? »(t)???????????????????????????? eKu 6= O2?fMu 6= O2
????????????????? 4?? 6???????????????????????
??




_z(t) = AZz(t); z(t) = [z1(t)T ; z2(t)T ; z3(t)T ]T
AZ =
264 O2 I2 O2O2 O2 I2
¡®uKu ¡Ku ¡ Lb
375







?????? Lb??????????? ®u???????????????????? (4.4.7)?
??????????????Au(s)????????????????????????®u > 0?
35
M > 0?Mu > 0?Ku > 0?????????? (4.4.7)??????????????????
??? ATZPZ + PZAZ = ¡Q????????? PZ???? Q???????????
?? PZ ?
PZ =
264 (1 + °u®u)Ku Lb +
°u®u
± Ku I2
























£kz1(t)k; kz2(t)k; kz3(t)k¤T ????????
°u®uz
T





















264 ¸min[Ku] ¡ kLbk ¡1¡kLbk °u¸min[Lb] ¡ °u






; and °u >
2±(2kLbk+ ¸min[Lb]) + 2kLbk2
¸min[Ku]¸min[Mb]
; (4.4.12)
??? ¸min[Lb] = ®u + ¸min[Mb]?????? (4.4.9)?????264 ¸min[Ku] ¡ kLbk ¡1¡kLbk °u¸min[Lb] ¡ °u
¡1 ¡ °u °u±
375 (4.4.13)




Q = ¡ATZPZ ¡ PZAZ =
264 2®uKu O2 O2O2 Q22 ¡ I2















































???? Q???? ®u > 0?Mb?Ku > 0??????????????????







































ux(t) = ¡(HT )¡1
½






?? 2 ??????? ° ?
2° ¡ ¸max[M ] ½»1 > 0
½»1 = 1 + kM¡
1




???? »(t)???????????????????? V (t)???????????????
V (t) = V1(t) + V2(t)





TP» + P»J» = ¡3I10 (4.4.22)
????? (4.4.21)???????
_V (t) = 2»(t)TM _»(t) + 2x»(t)TP» _x»(t)
= ¡2°»(t)T »(t) + 2»(t)T e£m!m(t) + 2»(t)T e£»»(t) + 2»(t)TH»x»(t)
+ x»(t)T (J»TP» + P»J»)x»(t) + 2x»(t)P»K»»(t)
9>>>>=>>>>; (4.4.23)
????????????? (4.4.24)??????
¡2°»(t)T »(t) · ¡ 2° 1
¸max[M ]
»(t)TM»(t)
2»(t)T e£m!m(t) = 2»(t)TM 12M¡ 12 e£m!m(t) · »(t)TM»(t) + kM¡ 12 k2ke£mk2k!m(t)k2











· kx»(t)k2 + kP»k2kK»k2kM¡ 12 k2»(t)TM»(t)



















? (4.4.20)???2° ¡ ¸max[M ] ½»1 > 0????????????

















? 1 ?????? (4.4.18)????????????????????????????????
????? ° ?? (4.4.20)?????????????????????????????
k»(t)k2 · ¸max[M ] ½»4¡




?????½»i; i = 1; 3; 4??° ?????????????
? 1???
???????? V»(t)??








V»(t) + ½»4 (4.4.29)
????½»3?½»4 ??
1 + kM¡ 12 k2kH»k2 + 2ke£»kkM¡ 12 k2 = ½»3
kM¡ 12 k2ke£mk2k!m(t)k2 + kx»(t)k2 · ½»4
9>=>; (4.4.30)

















































?????????????????????????? l = ¡1 (lp = ¡0:3)?l = 0 (lp = 0:1)?
l = 1 (lp = 0:4) ?????????????????????????????? 1?? 2 ?
? 3???????????????????????? 4?? 2??????????????
???????? ® = 1000; ®u = 10; ¯ = 10 ?????????, ????????? ° ??




?????????????° = 3 £ 107 ?????????????????????????
????????????????????????????
42










































































?????????????????? 3-4-1????????? v = 100£ 1000=3600[m=s]?
????????????????????????????????????????????
?????l = §1:5?§ 1?§ 0:5?0[m]????? 4-5-3(a)?4-5-9(a)????????????? 1
?? 2?? 3???????????????????????? 4?? 2??????????
?????????????® = 1000; ®u = 10; ¯ = 10; ° = 3 £ 107 ???????????
? 4-5-3?4-5-9?????????????????????????????????????
???????????????????????
? 4-5-3?4-5-9??????? l = §1:5;§1;§0:5[m]???????????????????
????????????????????????????????????????????












































(c) 路面外乱が3 [Hz]の場合 (d) 路面外乱が6 [Hz]の場合
(a) 車体上の指定位置











































































(c) 路面外乱が3 [Hz]の場合 (d) 路面外乱が6 [Hz]の場合
(a) 車体上の指定位置




































(c) 路面外乱が3 [Hz]の場合 (d) 路面外乱が6 [Hz]の場合
(a) 車体上の指定位置






































(c) 路面外乱が3 [Hz]の場合 (d) 路面外乱が6 [Hz]の場合
(a) 車体上の指定位置
































(c) 路面外乱が3 [Hz]の場合 (d) 路面外乱が6 [Hz]の場合
(a) 車体上の指定位置



































(c) 路面外乱が3 [Hz]の場合 (d) 路面外乱が6 [Hz]の場合
(a) 車体上の指定位置
-2




?????????????????????® = 1000; ®u = 10; ¯ = 10; ° = 3£ 107????
??????? l = ¡1(lp = ¡0:3); 0(lp = 0:1); 1(lp = 0:4)[m]???????????????




????M ?M = (0:8M; M; 1:2M)??????????????????????? 4-6-1
???????????? l = 1(lp = 0:4)[m]???????????????????????
?????????????????????? 0.1[dB]??????????????????
????????????????????? l = ¡1(lp = ¡0:3)?0(lp = 0:1)????????
????????????????????????????????????????????
???M ?????????????????????????????????
??????? ic ? ic = (0:8ic; ic; 1:2ic)???????????????????????
4-6-2???????????? l = 0(lp = 0:1); 1(lp = 0:4)[m]???????????????
???????????????????0.1[dB]??????????????????????




? 4-6-3????? 4-6-4 ??????????????? K???????????? C ?
K = (0:8K; K; 1:2K)???? C = (0:8C; C; 1:2C)????????????????????
?????????????????????? K???????????? C ???????
???????????????
52
???? h ? h = (h ¡ 0:1; h; h + 0:1) ???????????????????????
4-6-5????(h ¡ 0:1)?(h)?(h + 0:1)?????????????????????????




???????????????????????????? (M = 0:8M; ic = 1:2ic; h =
h¡ 0:3)???????????????????? 4-6-6??????????????????
?????????????????????????? 4-6-6??????? l = 1(lp = 0:4)[m]
????????????????????? 0.5[dB]????????????????????
l = ¡1(lp = ¡0:3); 0(lp = 0:1)????????????????????0.1[dB]??????
?????????????
????????????????????????????????K?????????C?
????M , ??????? ic????? h???????????????????????
???
53
































? 4-6-1 ????M ???????????????????
54

































? 4-6-2 ??????? ic ???????????????????
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? 4-6-3 ????K ???????????????????
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? 4-6-4 ???????? C ???????????????????
57
































? 4-6-5 ???? h???????????????????
58









































???????????????? 0.05[m/s2]?????? 0.12[N]??????? 1£ 10¡5[m]?
??????????????????????????? ²??y²(t) = ²+ "²(t)??????
???????????????????
A7 ??????????????????????
???????yÄz(t) = Äz(t)+"Äz(t)?yÄzu(t) = Äzu(t)+"Äzu(t)?yxs(t) = xs(t)+"xs(t)?yf (t) =
f(t)+"f (t)???????????? "i(t)?, "Äz(t) = 0:05±Äz(t)? "Äzu(t) = 0:05±Äzu(t)? "xs(t) =
1£ 10¡5±xs(t)?"f (t) = 0:12±f (t)???????? j±²(t)j · 1????




yÄzu(t) +M¡1u yf (t)
´
= xu(t) + "xu(t)
"xu = ¡K¡1u
³































? 5-1-1 ????? "(t)???????????.
? 5-1-1????????????????????????y(t)?????????????
????? y(t) = [yÄz(t); yÄzu(t); yxs(t); yf (t)]T ????"(t)???????????????
???? "(t) = ["Äz(t); "Äzu(t); "xs(t); "f (t)]????
5.2 ?????????????????????
5.2.1 ????????
? 3?? 3?????????????? (3.3.2)?????????????????????
???????????????????????
b´(t) = (3®C´ + 2®B´)Hyxz(t) + ³(t)
_³(t) = A´ b´(t) + C´yÄz(t)






; B´ = [O2 I2]T ; C´ = [I2 O2]T
9>>>>>>>=>>>>>>>;
(5.2.1)
? (5.2.1)?????e´(t) = ´(t) ¡ b´(t)????????? e´(t)????? 3?? 4?????
?????????????
_e´(t) = ®A´ e´(t)¡ ®L _"xz ¡ C´"Äz(t)¡ ®¡1B´ _wa(t)






?? V (t) = e´(t)TP e´(t)?????????????????????????????????
????P ?? (5.2.3)??????????????????????
A´







kewak2 · ®2(½xs + ½Äzu + ½f ) + ½Äz + ®¡2½ _wa (5.2.4)
????ewa(t) = wa(t)¡ bwa(t)???????½²??????????????? ²?????
????????????????
?? 3???: ? (5.2.3)????????? P ??????????
V (t) = e´(t)TP e´(t) (5.2.5)
?????V (t)????????????
_V (t) = ¡6®e´(t)e´(t)T
¡ 2®e´(t)TPLH¡1 _"xs(t)
+ 2®e´(t)TPLH¡1K¡1u _"Äzu(t)
+ 2®e´(t)TPLH¡1K¡1u M¡1u _"f (t)
¡ 2e´(t)TPC´"Äz(t)
¡2®¡1 e´(t)TPB´ _wa(t) (5.2.6)
????
¡2®e´(t)TPLH¡1 _"xs(t) · ®e´(t)e´(t)T + ®kPLH¡1k2k _"xs(t)k2
2®e´(t)TPLH¡1K¡1u _"Äzu(t) · ®e´(t)e´(t)T + ®kPLH¡1K¡1u k2k _"Äzu(t)k2
2®e´(t)TPLH¡1K¡1u M¡1u _"f (t) · ®e´(t)e´(t)T + ®kPLH¡1K¡1u M¡1u k2k _"f (t)k2
¡2e´(t)TPC´"Äz(t) · ®e´(t)e´(t)T + ®¡1kPC´k2k"Äz(t)k2





_V (t) · ¡®e´(t)e´(t)T + ®kPLH¡1k2k _"xs(t)k2 + ®kPLH¡1K¡1u k2k _"Äzu(t)k2















kPLH¡1K¡1u M¡1u k2k _"f (t)k2 · ½f
¸max[P ]
¸min[P ]
kPLH¡1K¡1u k2k _"Äzu(t)k2 · ½Äzu
¸max[P ]
¸min[P ]
kPB´k2k _wa(t)k2 · ½ _wa
9>>>>>>>>>>>>>>>>>>>>=>>>>>>>>>>>>>>>>>>>>;
(5.2.10)
??????????????? ®??????????? ½i ??????
_V (t) · ¡® 1
¸max[P ]



















V (t) · e¡® 1¸max[P ] tV (0) + ¸min[P ]
n





?????? A5???????????????? V (0) = 0??????
V (t) · ¸min[P ]
n






¸min[P ]e´(t)T e´(t) · e´(t)TP e´(t) = V (t) (5.2.14)
?????????




R3 ????????????????? ewa(t)???????????? ®???????









???????????????????????????????? 1?? 2?? 3?????
?????????????????????????? 4?? 2??????????????
?????? l = ¡1(lp = ¡0:3); 0(lp = 0:1); 1(lp = 0:4)[m]????????????????
??? 5-3-2?? 5-3-4???????????????????? _w(t)????????? ±i(t)
????????????????????? _w(t)????????? ±i(t)?????????










? 5-3-2?? 5-3-4??????????? (1?6[Hz])???????????????????





































? 70[dB]?? 100[dB]???????????????????????????? 5-3-3???



















































































? 5-3-2 ??????? ®?????????















































































? 5-3-3 ??????? ®?????????














































































? 5-3-4 ??????? ®?????????







? 4?? 4??????????? (4.4.3)????????????????????????
"»i(t)?i = 1; 2; 3 ???????????????
y»0 = »0(t) + "»1(t) = exz(t)¡ (MuH)¡1L¡1· ¯(s+ ®u)L[exu(t)]
¸
+ "»1(t)
_y»0 = _»0(t) + "»2(t) =
_exz(t)¡ (MuH)¡1L¡1· ¯s(s+ ®u)L[exu(t)]
¸
+ "»2(t)
Äy»0 = ¹(t) + "»3(t) = ed(t) ¡ (MuH)¡1L¡1· ¯s2(s+ ®u)L[exu(t)]
¸
+ "»3(t)





















y»(t) = y»0 + 2 _y»0 + Äy»0
= »(t) + "»(t)














+ u2(t) + "u(t)
































ux(t) = ¡(HT )¡1
½
°»(t) + £m!m(t) + £»»(t)
¾
+ "ux(t)




"»(t) = f"xz(t) + 2 _"xz(t) +H¡1"Äz(t)g
¡¯(MuH)¡1L¡1
·






??????e£² = £² ¡£² ??????????????????????????
_»(t) =M¡1
½
¡ °¡»(t) + "»(t)¢+ e£m!m(t) + e£»»(t)¡£»"»(t) +H»x»(t)¾ (5.4.5)
?????? (5.4.3)????????????????????????????
?? 4 ??????? ° ?
2° ¡ ¸max[M ] ½»1 > 0
½»1 = 2 + kM¡
1




???? »(t)???????????????????? V (t)??????????????
????
V (t) = V1(t) + V2(t)





TP» + P»J» = ¡3I10 (5.4.8)
???????????????????????
_V (t) = 2»(t)TM _»(t) + 2x»(t)TP» _x»(t)
= ¡2°»(t)T »(t)¡ 2°»(t)T"»(t) + 2»(t)T e£m!m(t) + 2»(t)T e£»»(t)
¡ 2»(t)T£»"»(t) + 2»(t)TH»x»(t)




¡2°»(t)T »(t) · ¡ 2° 1
¸max[M ]
»(t)TM»(t)
¡2°»(t)T"»(t) · ° 1
¸max[M ]
»(t)TM»(t) + °¸max[M ]kM¡ 12 k2k"»(t)k2
2»(t)T e£m!m(t) = 2»(t)TM 12M¡ 12 e£m!m(t) · »(t)TM»(t) + kM¡ 12 k2ke£mk2k!m(t)k2
2»(t)T e£»»(t) = 2»(t)TM 12M¡ 12 e£»M¡ 12M 12 »(t) · 2kM¡ 12 k2ke£»k»(t)TM»(t)

























V2(t) + °½»2 + ½»3 + ½»4
° ¡ ¸max[M ] ½»1 > 0
2 + kM¡ 12 k2kH»k2 + 2ke£»kkM ¡12 k2 + kP»k2kK»k2M ¡12 k2 · ½»1
¸max[M ]kM¡ 12 k2k"»(t)k2 · ½»2
kM¡ 12 k2k£»k"»(t)k2 · ½»3
kM¡ 12 k2ke£mk2k!m(t)k2 · ½»4
9>>>>>>>>>>>>>>>>=>>>>>>>>>>>>>>>>;
(5.4.11)
????????½»i; i = 1?4????????? ° ???????????????????
72
???





















? 2 ?????? (5.4.3)????????????????????????????????
?? »(t)????????????
k»(t)k2 · ¸max[M ] (°½»2 + ½»3 + ½»4 + ½»6)¡
















V»(t) + °½»2 + ½»3 + ½»4 + ½»6
° ¡ ¸max[M ] ½»5 > 0
½»5 = 2 + kM¡
1


















?????? A5???????????????? V»(0) = 0???????
V»(t) ·




































??? 1?? 2?? 3???????????????? ® = 1000; ®u = 10; ¯ = 10?????
???? v = 100£ 1000=3600[m=s]??????????????????? 5?? 1?????
????????????????? 4?? 2??????????????
5.5.1 ??????????????????????????
????????? ° ??? ° = 3 £ 102?3 £ 104?3 £ 106?3 £ 107?3 £ 108 ??????
?????????????????????????????????? l = ¡1(lp = ¡0:3)?
l = 0(lp = 0:1)?l = 1(lp = 0:4)[m]????????????????????????????
???? 5-5-2?5-5-4?????????????? _wa(t)????????? ±²(t)?????










? 4?? 5????????????° ??? ° = 3£ 107 ????????????????
???????????????????????20[dB]??????????????????
????????????????????? 40[dB]????????????????????























876 103,103,103 ×××= 　　γ
2103×=γ
4103×=γ876 103,103,103 ×××= 　　γ
2103×=γ 4103×=γ
876 103,103,103 ×××= 　　γ

















876 103,103,103 ×××= 　　γ
2103×=γ 4103×=γ
2103×=γ 4103×=γ
876 103,103,103 ×××= 　　γ
876 103,103,103 ×××= 　　γ


















876 103,103,103 ×××= 　　γ
2103×=γ 4103×=γ
876 103,103,103 ×××= 　　γ
2103×=γ 4103×=γ
876 103,103,103 ×××= 　　γ









s2 + 2!ns+ !2n
!n = 6:28 (1[Hz])
!n = 62:8 (6[Hz])
!n = 628 (100[Hz])
!n = 6280 (1000[Hz])
9>>>>>>>>>=>>>>>>>>>;
(5.5.1)
? 3-4-1(a)???1[Hz]????????????????????????? l = ¡1(lp = ¡0:3)?
l = 0(lp = 0:1)?l = 1(lp = 0:4)[m]??????????????????? 5-5-6?? 5-5-8??


















































(a) Frequency of noise is 1[Hz] (b) Frequency of noise is 6[Hz]


















































(a) Frequency of noise is 1[Hz] (b) Frequency of noise is 6[Hz]















































(a) Frequency of noise is 1[Hz] (b) Frequency of noise is 6[Hz]































































































[2] Hrovat, D., Survey of Advanced Suspension Developments and Related Optimal Control Application,
Automatica, Vol.33-10, (1997), pp.1781-1817.
[3] Dai, H., Zhang, H., and Zhang, W., Robust Performance Analysis of Active Suspension with Model
Uncertainty Using Structured Singular Value, ¹ Approach, Vehicle System Dynamics Supplement,
Vol.28, (1998), pp.635-647.
[4] H. -S. Roh, and Y. Park, Design of State and Input Observer for Wheelbase Preview Control in Vehicle
Suspension System, Proc. of International Symposium on Advanced Vehicle Control, (1998), pp. 45-50.
[5] Tsao, Y.J., and Chen, R., Force control of Active Suspension Design with a Half Car Model by Using
Genetic Algorithms, Proc. of International Symposium on Advanced Vehicle Control, (1998), pp.243-
248.
[6] M. M. Elmadany, and Z. S. Abduljabbar, Linear Quadratic Gaussian Control of a Quarter-Car Sus-
pension, Vehicle System Dynamics, 32, (1999), pp.479-497.
[7] Fialho, I.J., and Balas, G.J., Design of Nonlinear Controllers for Active Vehicle Suspension Using
Parameter-Varying Control Syntesis, Vehicle System Dynamics, Vol.33, (2000), pp.351-370.
[8] Ikenaga, S., Lewis, F.L., Campos, J., and Davis,L., Active Suspension Control of Ground Vehicle
Based on a Full-Vehicle model, Proc. of the American Control Conference, (2000), pp.4019-4024.
[9] Thompson, A.G., and Davis, B.R., RMS Values for Control Force, Suspension Stroke and Tire De-
flection in an Active Suspension,Vehicle System Dynamics, Vol. 34, (2000), pp.143-150.
87
[10] A. G. Thompson, and C. E. M. Pearce, Performance Index for a Preview Active Suspension Applied
to a Quarter-Car Model, Vehicle System Dynamics, Vol. 35, (2001), pp.55-66.
[11] Thompson, A.G., and Pearce, C.E.M., Direct Computation of the Performance Index for an Opti-
mally Controlled Active Suspension with Preview Applied to a Half-Car Model, Vehicle System Dy-
namics, Vol. 35-2, (2001), pp.121-137.
[12] A. G. Thompson, and B. R. Davis, RMS Values of force, Stroke and Tire Deflection in a Half-Car
Model with Preview Controlled Active Suspension, Vehicle system Dynamics, Vol. 39, (2003), pp.245-
253.
[13] Y. Zhang, and A.G. Alleyne, A New Approach to Half-Car Active Suspension Control, Proc. of the
American Control Conference, (2003), pp. 3762-3767.
[14] Thompson, A.G., and Davis, B.R., RMS Values of Force, Stroke and Tire Deflection in a Half-
Car Model with Preview Controlled Active Suspension, Vehicle System Dynamics, Vol.39-3, (2003),
pp.245-253.
[15] P.Gasper, I.Szaszi and J.Bokor, Design of Robust Controllers for Active Vehicle Suspension Using
the Mixed? Synthesis, Vehicle System Dynamics, Vol. 40, (2003), pp. 193-228.
[16] L. Zuo, and S.A. Nayfeh, StructuredH2 Optimization of Vehicle Suspensions Based on Multi-Wheel
Models, Vehicle System Dynamics, Vol.40-5, (2003), pp. 351-371.
[17] J. -S, Lin, and C. -J. Huang, Nonlinear Back Stepping Active Suspension Design applied to a Half-
Car Model, Vehicle System Dynamics, Vol.42-6, (2004), pp. 373-393.
[18] I. Youn, J. IM and M. Tomizuka, Level and Attitude Control of the Active Suspension System with
Integral and Derivative Action, Vehicle System Dynamics, Vol. 44, (2006), pp. 659-674.
[19] Haiping Dua, Nong Zhang and Fazel Naghdy, Robust control of vehicle electrorheological suspen-
sion subject to measurement noises, Vehicle System Dynamics Supplement, Vol.49, (2011), pp.257-275.
88
[20] Nicola Amati,Andrea Festini and Andrea Tonoli, Design of electromagnetic shock absorbers for
automotive suspensions, Vehicle System Dynamics Supplement, Vol.49, (2011), pp.1913-1928.
[21] Y. SHEN, M. F. GOLNARAGHI and G. R. HEPPLER, Load-leveling suspension system with a
magnetorheological damper, Vehicle System Dynamics Supplement, Vol.45, No. 4, (2007), pp.297-312.
[22] L.C. Felix-Herran, D. Mehdi, J. de J. Rodriguez-Ortiz, R. Sotoc and R. Ramirez-Mendoza, H1 con-
trol of a suspension with a magnetorheological damper, Vehicle System Dynamics Supplement, Vol.85,
No. 8, (2012), pp.1026-1038.
[23] Masahiro Oya, Hiroshi Harada, Yoshiaki Araki, An Active Suspension Controller Achieving the
Best Ride Comfort at Any Specified Location on A Vehicle, Journal of System Design and Dynamicss,
(2007), pp.245-256.
[24] ????,??,????,??????????????????????????????
???,? 50??????????, (2007), pp. 780/784.
[25] Hiroki Okuda, Yasutaka Tsuchida, Masahiro Oya, Qiang Wang, and Katsuhiro Okumura, Robust
Active Suspension Controller Achieving Good Ride Comfort, Proc. of SICE Annual Conference 2007,
September 17-20, Kagawa, Japan, (2007), pp. 1305-1310(in CD).
[26] M. Oya, Y. Tsuchida, and Q. Wang, Robust Control Scheme to Design Active Suspension Achieving
the Best Ride Comfort at Any Specific Location on Vehicles, Proc. of advances in Vehicle Control and
Safety, Kobe, Japan , (2008), pp. 690-695.
[27] Masahiro Oya, Yasutaka Tsuchida, Qiang Wang, Yuichiro Taira, Adaptive Active Suspension Con-
troller Achieving the Best Ride Comfort at Any Specified Location on Vehicles with Parameter Uncer-
tainties, International Journal of Advanced Mechatronic Systems, (2008), Vol. 1, No. 2, pp. 125-136.
[28] Katsuhiro Okumura, Masahiro Oya, Masashi Nagae, Hidetaka Ota and Hideki Wada, Active Sus-
pension Control Scheme for vehicles without Measurements of Tire Deflection, Proc. of the 8th IEEE
89
International Symposium on Computational Intelligence in Robotics and Automation, Daejoen, Korea,
(2009), pp. 153-158.
[29] Katsuhiro Okumura, Masahiro Oya and Hideki Wada, Robust Ride Comfort Control of vehicles





[31] Katsuhiro Okumura, Masahiro Oya and Hideki Wada, Robust Active Suspension Control of Vehicles
?with Measurement Noises, Proc. of the 16th International Symposium on Artificial Life and Robotics,
Oita, Japan, (2011), pp.126-129.
[32] ????,????,????????????????????????????????,
? 11????????????????????? (inCD),??, (2011).
[33] Masahiro Oya, Ryotaro Okura, Hiroshi Shibata and Katsuhiro Okumura?Robust control of Vehicle
Active Suspension systems, Proc. of The Sixth International Conference on Innovative Computing,
Information and Control (ICICIC2011), kitakyushu-shi, Japan, (2011).
[34] Katsuhiro Okumura, Masahiro Oya, Hidetaka Ohta, Hideki Wada, On the Influence of Measurement
Noises for Ride Comfort in Active Vehicle Suspension Systems, The proceedings of the International









[39] ??????, ANALOG DEVICES, http://www.analog.com/jp/index.html
[40] ????,???????, http://www.kyowa-ei.co.jp/
[41] ?????,?????????????????,? http://www.mtl.co.jp/index.html
91
